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Bureau  of  Naval  Weapons 
Department  of  the  Navy 
V/ashington  2^,  D.  C, 

Attention:  RH'IA-231 
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■gureau  o^ 
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Via:  Inspector  of  Naval  Material 
10  North  8th  Street 
Heading,  Pennsylvania 

Subject:  Bureau  of  Naval  V/eapons,  Department  of  the  Navy 
Contract  NOw  61-OlD.O-c 
Ultrasonic  Welding  of  Refractory  Metals 
Bimonthly  Progress  Report  No.  1 

Reference:  Contract  NOw  6l-0liL0-c 
Item  2 


f'S  T 

juN  n  ®'  ;| 

.41 


Gentlemen : 

In  accordance  with  the  referenced  contract,  this  letter  constitutes  the 
first  bimonthly  progress  report  covering  the  work  done  during  the  period 
March  1  through  April  30,  I96I  on  the  referenced  contract. 

The  objective  of  this  program  is  the  investigation  of  the  ulU-aBoxiic 
welding  machine  settings  required  and  evaluation  of  properties  of  the  welds 
obtainable  foi  the  following  refractory  metals  or  alloys: 


1.  niobium- 10^  molybdenum-10;?  titanixjui,  Nb-10  Mo-10  Ti 

2.  molybdenum-0. titanium,  Mo-0.5  Ti 

3.  tungsten. 


These  three  metals  were  chosen  for  investigation  because  their  temperature- 
strength  properties  are  particularly  attractive. 

Effort  during  this  period  established  sources  for  initial  quantities 
of  the  refractory  sheet  metals,  modified  spot-welding  equipment  to  accommodate 
the  range  of  parameters  anticipated  with  these  metals,  and  produced  prelim¬ 
inary  data  related  to  the  welding  energy  and  clamping  force  requirements  for 
one  of  the  alloys  being  studied  (molybdenum-0,5;?  titanium). 


imCKGROUl'D 


Efforts  to  join  refractory  metals  and  alloys  by  fusion-welding  processes 
have  been  but  yartially  successful,  particularly  vrith  those  metals  exhibiting 
negligible  room-temperature  ductility,  such  as  molybdenum  and  tungsten. 

Both  of  these  metals  are  embrittled  when  recrystallized,  but  undergo  a  brittle- 
to-ductile  transition  within  intermediate-temperature  ranges,  A  primary 
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deficiency  of  a  fusion  weld  in  these  laaterials  is  tiie  loss  of  d'lctility 
within  the  recrystallized  zone  surrounding  the  crystallized  weld  metal. 

Ultrasonic  welding  offers  a  potential  solution  to  this  problem  since 
it  is  a  solid-state-bonding  technique.  Although  local  heating  of  the  con¬ 
tact  sui’faces  does  occuTj  the  magnitude  of  the  temperature  rise  has  been 
shown  (1)  generally  to  be  only  35-^0^  of  the  homologous  melting  temperature. 
This  temperature  rise  would  he  sufficient,  in  the  case  of  molybdenum  and  tungs¬ 
ten,  to  acliieve  bonding  above  the  transition  tempei'ature  and  to  take  advant¬ 
age  of  the  increased  ductility.  The  resulting  joints  would  be  expected  to 
be  diictile,  since  complete  recrystallization  and  contamination  by  inter¬ 
stitials  are  suppressed. 

The  current  work  is  limited  to  those  gages  (up  to  0,02!j  in,)  which  are 
expected  to  be  weldable  w’ithin  the  power  capacity  of  spot-welding  equipment 
presently  available  in  our  laboratories. 


MTERIAIS 

Information  on  the  availability  and  physical  properties  of  the  three 
materials  of  interest  (Nb-10  Mo-10  Ti,  Ho-0,5  Ti,  and  tungsten)  was  obtained, 
A  pilot  quantity'*  (ranging  from  a  few  square  inches  of  one  gage  to  2  sq  ft 
of  another)  of  each  material  in  the  gages  of  interest  to  the  project  was 
ordered  and  was  received  at  the  end  of  this  reporting  period.  The  physical 
and  meclianical  properties  of  the  material  received  are  tabulated  in  Table  1, 
Data  for  the  gages  of  interest,  particularly  of  tungsten,  are  scarce. 

The  tib-lO  Mo-10  Ti  purchased  from  duPont  is  their  Alloy  D31  in  which 
the  carbon  content  has  been  reduced  from  approximately  1000  ppm  to  6O-IOO 
ppm  in  order  to  raise  its  embrittlement  temperatvire  (short-time  exposure) 
from  2500 °F  to  2900"?.  Although  temperatures  in  the  range  of  2500“F  to 
2900°F  v/ill  not  be  reached  during  ultrasonic  welding,  determinations  id.ll 
be  made  of  the  temijerature  rise  in  the  weld  zone  duri.ng  nvelding.  In  view 
of  the  limited  information  new  available  on  tungsten,  it  is  expected  that 
it  will  be  the  most  difficult  to  weld.  Further  pertinent  information  on 
the  properties  and  characteristics  of  these  metals  will  be  reported  as 
obtained  during  welding,  from  the  literature,  and  from  other  outside  sources. 


i-ffilJIMG  MACHIrfE  SETTINGS 

Before  t.Me  materials  o-'-dered  were  received,  preliminary  welding  v/as 
done  on  some  0,006-  and  0.011-in,  Mo-0.9  Ti  sheet  taken  from  residual  stock 
from  previous  work.  The  history  of  this  material  is  unknown,  but  it  was 
laminar  in  character  as  observed  during  sfiearing  of  the  test  coupons,  sharp 
bending,  and  peeling  of  v;eld.ments. 

ID'^Ae  ropvojects  Incox’porated,  "Fundaraentals  of  Ultrasonic  Welding,  Phase  II", 
RR-bO-Ql,  Final  lieport  on  Navy  Contract  NOas  99-6070-c,  Aug  I960, 

These  refractory  metals  range  in  price  from  590  to  <j-150  per  lb  in  the  gages 
desi red . 
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The  Vickers  raicroindentation  hardness  number  was  found  to  be  230  for 
the  0.006-in. -thick  and  260  for  the  0„011-in. -thick  sheets. 


Power  and  Welding  Interval 


Previous  work  (1)  resulted  in  the  following  empirical  formula  which  pre¬ 
dicts,  for  most  metals,  the  approximate  electrical  energy  into  magnetostrictive 
transducers  required  to  accomplish  ultrasonic  welding : 


d's  (1 

E  »  316  t 


whei-e 


E  =  electrical  energy  (supplied  to  the  transducers  of  the  spot  welding 
machine),  watt-seconds 


H  •«  Vickers  microindentation  hairiness  number 


t  =  thickness  of  the  material  adjacent  to  the  sonotrode  tip,  inches. 

Consequently,  the  predicted  approximate  energy  requirements  for  the 
0.006-ln.  and  0.011-in,  Mo-0.5  Ti  was  calculated  to  be  500  watt-sec  and 
1500  watt-sec,  respectively. 


Fran  this  equation  was  estimated  the  minimum  electrical  energy  required 
to  v;eld  each  of  the  three  refractory  alloys  in  the  gages  of  interest;  the 
data  are  given  in  Table  2.  Our  previous  experience  indicated  that  to  obtain 
a  good  ultrasonic  weld  in  a  hard  material,  especially  one  of  low  ductility 
in  the  intermediate-temperatxxre  range,  usually  requires  that  the  welding 
interval  be  short  (a  fraction  of  a  second).  Therefore,  the  power  require¬ 
ments  for  the  calculated  energies  have  been  calculated  for  welding  intervals 
of  0.2,  0.3,  and  0,5  sec  and  are  also  reported  in  Table  2,  These  calculated 
data  augment  our  previous  predictions  of  difficulty  in  ultrasonically  weld¬ 
ing  tungsten.  The  degree  to  which  the  three  metals  conform  during  experi¬ 
mental  welding  to  the  predictions  of  Table  2  will  be  routinely  reported. 


Determination  of  Proper  Clamping  Force  to  Eff ect  a  Best  Impedance  Match 

It  has  been  established  (l)  that  for  each  thickness  of  material,  a  power 
and  clamping  force  relationship  exists  which  minimizes  the  power  required 
to  accomplish  an  ultrasonic  weld  botween  two  sheets.  There  are  several  methods 
by  which  this  machine  setting  can  be  determined. 

One  technique,  which  can  be  used  vihen  dealing  with  reasonably  malleable 
materials,  consists  of  arbitrarily  selecting  a  single  clamping-force  setting 
and  a  fixed  welding  interval  and  weldiirg  at  progressively  decreasing  power 
until  the  bond  obtained  no  longer  fails  in  peel  by  nugget  tearout.  The 
procedure  is  repeated  at  other  clamping -force  settings  until  sufficient  data 
are  obtained  to  produce  a  plot  of  pov/er  vs  clamping  force  which  is  a  concave- 
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i'iicroindentation  Vickers  hardness  number. 

Hardness  values  measured  at  this  laboratorji'j  other  values  estimated. 
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upward  threshold  curve  for  welding.  It  appears  (2)  that  the  minimum  point 
on  this  concave-upward  curve  correspoMs  to  the  condition  of  best  impedance 
match  into  the  weld  zone. 

For  brittle  materials  such  as  tungsten,  the  nugget  pullout  test  is  clearly 
not  feasible,  and  it  is  anticipated  that,  this  will  also  be  true  of  the  thicker 
gages  of  Mo-0.^  Ti  and  duPont  D31  alloy.  However,  it  has  also  been  shown 
(1)  that,  for  any  fixed  and  reasonable  value  of  vibratory  power  (even  though 
the  power  level  may  be  too  low  to  produce  an  actual  weld),  the  temperature 
rise  in  the  intended  weld  locale  is  maximum  within  the  clamping  force  range 
associated  with  the  minimum  power  (that  is,  the  minimum  value  of  the  power¬ 
clamping  force  threshold  curve  previousiy  described) ,  Thus,  for  brittle 
materials,  a  convex-upward  curve  of  temperature  rise  in  the  weld  locale  vs 
clamping  force  can  be  obtained. 

Both  of  these  techniques  were  used  in  preliminary  evaluation  of  the 
powder-metallurgy  Mo-0.5  Ti  sheet. 


Measurement  of  Temperature  Rise  in  the  V/eld  Zone 

Coupons  of  0.011-in.  Mo-0,5  Ti  were  "sensed"  in  the  weld  zone  with 
No,  1(0  gage  constantan  thermocouple  wire  ,  The  thermocouple  junction  con¬ 
sisted  of  the  coupon,  and  a  single  constantan  wire  potted  into  the  zone  of 
the  intended  weld.  Each  coupon  was  welded  to  itself,  effecting  a  mono- 
metal  weld  between  the  coupon  and  a  bimetal  thermocouple  junction  with  the 
wire.  The  output  was  recorded  with  a  Brusii  d-c  amplifier  and  strip-chart 
oscillograph. 

There  was  difficulty  with  erratic  temperature-rise  traces  in  various 
specimens,  due  in  part,  to  the  tendency  of  the  sheet  to  delaminate  during 
spot  welding  as  mentioned  earlier.  Consequently,  only  those  readings  were 
considered  valid  which  exhibited  smooth  rise  and  decay  curves  as  illustrated 
by  the  sample  traces  in  Fig,  1. 

Figure  2  is  a  plot  of  the  temperature-rise  values,  as  a  function  of 
clamping  force,  that  were  obtained.  In  every  case,  the  power  level  was  1200 
watts  to  the  transducers,  applied  for  0,6  sec.  The  sonotrode  tip  was  made 
of  Astroloy  (discussed  on  p„  12)  machined  to  a  3-in.  spherical  radius.  The 
straight  line  was  determined  by  statistical  analj'sis  carried  out  under  the 
assumption  that  the  temperature  varies  inversely  and  linearly  with  the 
clamping  force.  Actually,  the  true  curve  would  be  nonlinear,  convex-upward, 
with  a  maxintum  temperature  rise  occurring  at  some  intermediate  value  of 
clamping  force.  However,  since,  at  the  611118  of  this  scouting  study,  clamping 


(2)  Aeroprojects  Incorporated,  "Fundamentals  of  Ultrasonic  Welding,  Phase  I", 
tiR-59-105,  Final  Report  on  Navy  Contract  NOas  58-108-c,  May  1959. 
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Test  BR— JI:  700— lb  Clamping  Force 
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ig.  1:  TrPICAL  TSMPSRATURF  TRACES 
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forces  lower  than  325  lb  could  not  be  accurately  measured  with  the  welder 
used,  the  desired  clamping  force  was  not  definitely  established.  (The 
machine  has  since  been  modified  so  that  clamping  force  can  be  set  accurately 
at  any  value  from  50-1000  lb,)  It  is  evident  from  Fig.  2,  nevertheless, 
that  the  optimum  force  is  at  or  below  the  300-  to  hOO-lb  region,  not  above 
it. 


Estimation  of  Threshold  Curves  Dy  VJeld  Peeling 

As  a  check  on  the  temperature-rise  method  for  determining  the  clamping 
force  for  a  best  impedance  match,  the  nugget  peel  test  described  earlier 
was  also  utilized  on  welds  of  O.OO6-  and  O.Oll-in.  Mo-0,5  Ti  (residual 
stock  material) .  The  nugget  peel  test  is  a  quasi-quantitative  technique 
in  which  welds,  produced  at  various  conditions  of  energy  and  clamping  force, 
are  qualitatively  evaluated  by  manual  peeling  and  graded  as  follows; 

a.  Excellent  weld  (nugget  pulled  from  one  of  the  sheets,  encompassing 

the  entire  weld  envelope) 

b.  Moderate  weld  (nugget  pulled  from  only  a  portion  of  the  weld 
envelope) 

c.  Partial  hording  (sticking,  but  no  true  weld) 

d .  Mo  bonding . 

Figures  3  and  k  are  the  threshold  curves  determined  in  this  manner  for 
the  0,006-in.  and  0,011-in,  material  respectively.  Figure  h  confirms  the 
indications  of  Fig.  2,  namely,  that  the  optimum  clamping  force  for  0,011-in, 
sheet  is,  in  fact,  in  the  region  of  300  to  liOO  lb.  Oddly  enough,  Fig.  3 
indicates  the  same  range  of  force  for  the  0,006-in,  sheet,  vrhich  does  not 
appear  to  agree  with  earlier  experience  that  the  optimum  clamping  force 
increases  with  thickness.  No  explanation  can  be  offered  for  this  observation 
at  this  time. 

These  tests  will  be  repeated  on  the  arc-cast  Ho-0.5  Ti  which  has  now  been 
received. 


SONOTRODE  TIP  liiTERIALS 


The  dynamic  stresses  associated  vdth  the  delivery  of  ultrasonic  energy 
during  welding  of  high-strength  or  hard  ineiais  and  alloys  imposes  severe  re¬ 
quirements  on  the  terminal  tips  of  the  sonotrodes . 

Ordinary  tool  steels  give  satisfactory  performance  and  life  in  welding 
aluminum  or  copper  alloys,  and  Inconel  X  has  given  equally  good  performance 
for  welding  mild  steels,  titanium,  zirconium,  and  other  soft  or  low-melting 
alloys.  In  attemjjting  to  weld  high-strength,  high-temperature,  and  hard, 
brittle  metals  and  alleys,  however,  tip  life  with  the  tool  steels  is  short, 
sometimes  less  than  10  welds  per  tip;  Inconel  X  is  somev'hat  better  but  in 
some  circujiistances  jjrobataly  is  not  suitable  for  production  welding. 
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FiS.  3:  TILTRASONIG  mTONG  THRESHOLD  CURVES,  ENERGY-CMMPING  FORCE,  FOR 
0,006-II'TCIH  MOLYBDENUH-0.5^  TITAKEIM  alloy  (Powder  Metallurgy) 

Astroloy  Sonotrode  Tip:  3-in.  radius 
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Tips  made  of  a  relatively  nevr  nickel-base  alloy  (Astroloy*),  possessing 
superior  high- temperature  creep  properties,  have  exhibited  long  life  and 
excellent  welding  characteristics  for  welding  various  high-strength,  hard 
materials  such  as  beryllium  and  full -hard  stainless  steel.  All  of  the  work 
with  the  materials  of  interest  has  been  done  with  machined  3-in. -spherical- 
radius  Astroloy  tip  on  the  active  sonotrode.  Additional  tips  are  now  being 
fabricated  from  this  alloy.  Its  performance  and  that  of  other  experimental 
tip  materials,  if  necessary,  will  be  reported  as  such  ijif onnation  is  accumu¬ 
lated  in  the  course  of  the  work. 


FUTUItE  WORK 


For  the  next  report  period,  the  work  planned  includes: 

1.  Exploratory  welding  to  determine  machine  variables  will  be  carried  out 
on  the  three  metals  of  interest:  D-31,  Mo-0.5  Ti,  and  tungsten, 

2.  Based  on  the  energy  required  to  weld  as  determined  from  these  esqaeri- 
ments,  additional  quantities  of  each  metal  will  be  ordered,  including  the 
maximum  gage  predicted  to  be  weldable  with  existing  spot-welding  equipment. 

3.  Evaluation  of  v/eld  properties  vjill  be  undertaken  as  success  in  welding 
permits. 


Very  truly  yours. 


C.  ii.  Frownfelter 
Senior  Engineer-Staff 
Assistant 
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Product  of  the  General  Electric  Co. 


